Two moderately halophilic marine bacterial strains of the family Rhodobacteraceae, designated ZGT108
The genus Ruegeria was first proposed by Uchino et al. with a reclassification of Agrobacterium atlanticum as the type species Ruegeria atlantica [1, 2] . At the same time, Agrobacterium gelatinovorum and Roseobacter algicola were also transferred into the genus Ruegeria and renamed as Ruegeria gelatinovorans and Ruegeria algicola, but were subsequently reclassified as Thalassobius gelatinovorus [3] and Marinovum algicola [4] . Yi et al. transferred Silicibacter lacuscaerulensis and Silicibacter pomeroyi to the genus Ruegeria as Ruegeria lacuscaerulensis and Ruegeria pomeroyi [5] . In addition, 10 more species of the genus Ruegeria, Ruegeria mobilis [6] , Ruegeria pelagia [7] , Ruegeria scottomollicae [8] , Ruegeria faecimaris [9] , Ruegeria marina [10] , Ruegeria halocynthiae [11] , Ruegeria conchae [12] , Ruegeria arenilitoris [13] , Ruegeria intermedia [14] and Ruegeria meonggei [15] , were described. R. pelagia was subsequently included in R. mobilis [16] , so that at the time of writing the genus Ruegeria comprised 12 recognized species. The majority of these species were isolated from marine environments, with the exception of Ruegeria lacuscaerulensis, which was isolated from a geothermal lake [17] .
The interface between deep-sea brine pools and the overlaying seawater (the brine-seawater interface) represents a highly peculiar environment with very steep gradients in temperature, salinity and oxygen, which, at all brine pools investigated so far, harbours a high microbial diversity and biomass [18] . In this paper, we describe the isolation and characterization of two moderately halophilic strains,
ZGT108
T and ZGT118 T , from the Erba Deep brine-seawater interface.
Strain ZGT108
T and ZGT118 T were isolated from the Erba Deep brine-seawater interface (20 43 .8¢ N, 38 11 .0¢ E) during the King Abdullah University of Science and Technology (KAUST) Red Sea Expedition 2011 (16 October-3 November 2011). The in situ temperature, salinity, dissolved oxygen concentration, and pH of the Erba Deep brine-seawater interface at a depth of 2400-2420 m were 21.0-28.0 C, 9.4-18.1 %, 0.1-2.7 mg l À1 , and 7.6, respectively [19] . We combined in situ enrichment with plating strategies to isolate halophilic heterotrophic micro-organisms. In brief, 5 ml brine was used to inoculate 30 ml enrichment medium [50 % marine 2216 broth (MB; Difco) and 50 % sterilized in situ brine water]. The flasks were incubated at 28 C for 1 week, then plated onto marine 2216 agar (MA; Difco) plates amended to a final concentration of 10 % NaCl, and subsequently purified into single colonies using plates containing the same solidified media.
Based on the phylogenetic analysis of the 16S rRNA genes of strain ZGT108
T and ZGT118 T , we selected the following closely related Ruegeria species as reference strains for further physiological experiments: R. conchae JCM 17315 T , R. intermedia LMG 25539 T , R. lacuscaerulensis DSM 11314 T , R. arenilitoris KCTC 23960
T and Ruegeria atlantica DSM 5823 T .
The size, morphology, and motility of the cells of strain ZGT108 T and ZGT118 T were visualized during exponential growth phase using a Leica microscope equipped with phase-contrast optics (Leica DM 6000 B). Gram-staining, reduction of nitrate and hydrolysis of casein, gelatin, acetate, and Tween 80 were analysed according to published methods [20, 21] . The optimal growth temperatures of strains ZGT108
T and ZGT118 T were determined after incubation on MA and shaking in MB at 4, 10, 15, 20, 25, 28, 30, 33, 35, 37, 40, 42, 45 and 50 C (at pH 7.5, with a final concentration of 1.5M NaCl for both strains). Bacterial growth was measured as increase in turbidity at 600 nm, using a spectrophotometer. NaCl tolerance was tested on MA and in MB amended with NaCl to final concentrations of 0.1, 0.3, 0.5, 1.0, 1.5, 1.9, 2.0, 2.5, 2.6 and 3.0 M. Similarly, the pH range for growth was tested by adjusting the final pH to 5.0, 5.5, 6.0, 7.0, 8.0, 8.5, 9.0, 10.0 and 11.0 [at 1.5 M NaCl for both strains, 33 C for ZGT108T and 37 C for ZGT118 T , using the appropriate buffers (Na 2 HPO 4 /NaH 2 PO 4 for pH 5.0-7.0 and Na 2 CO 3 /NaHCO 3 for pH 8.0-11.0)]. Oxidase activity was tested using the oxidase reagent kit (bioM erieux) according to the manufacturer's instructions. Catalase activity was determined by pouring a 3 % H 2 O 2 solution onto bacterial colonies and observing bubble production. Biolog GEN III MicroPlates (bioM erieux) were used to determine the use of organic substrates as sole carbon and energy sources. Various biochemical and additional enzyme activities were assayed using API 20 NE and API ZYM kits (bio-M erieux). Tests using Biolog GEN III MicroPlates and API kits were conducted according to the manufacturer's instructions, with the exception that the salinity was adjusted to 1.5 M NaCl. Susceptibility to antibiotics was assessed on MA using the disc-diffusion plate method [22] with discs containing ampicillin (10 µg), chloramphenicol (30 µg), erythromycin (15 µg), kanamycin (30 µg), penicillin G (10 µg), streptomycin (10 µg), tetracycline (30 µg), vancomycin (30 µg), gentamicin (10 µg) and polymyxin B (30 µg). Antibiotic-containing discs were placed on the surfaces of an MA plate. Bacterial cultures (200 µl) were spread on the plate and checked for clearing zones after 3 days incubation at 33 or 37 C for strain ZGT108 T and ZGT118 T , respectively.
Genomic DNA was extracted using a commercial kit (TaKaRa MiniBEST Bacteria Genomic DNA Extraction Kit version 3.0) and subsequently sequenced on the Illumina HiSeq2000 platform at the Bioscience core laboratories at KAUST. The raw reads were filtered and trimmed using PRINSEQ version 0.20.4 [23] . SOAPdenovo version 1.05 with default parameters to assemble the trimmed reads [24, 25] . The assembled contigs were manually checked and scaffolded based on read-mapping. The genome completeness (100 %) was assessed using CheckM version 1.0.3 [26] . Protein-coding open reading frames (ORFs) were predicted by using Glimmer version 3.02 [27] . Ribosomal RNA was predicted by RNAmmer version 1.2 [28] and tRNA was predicted by tRNAscan-SE version 1.21 [29] . DNA-DNA hybridization values were determined as described previously [30] . As a proposed complement to DNA-DNA hybridization [31] , the average nucleotide identity (ANI) values of the total genomic sequences shared between the genomic sequences of strain ZGT108
T and ZGT118 T and closely related genomic sequences from GenBank were also determined [32] . For this, whole-genome sequences in a pairwise comparison were split into 1000 bp fragments. Each window was used as the query sequence, while the other sequence was used as the subject. Sequences were aligned with nucmer in MUMmer version 3.23 (ANIm) [33] , and ANIs were calculated using JSpecies version 1.2.1 [31] . The 16S rRNA gene sequences from the genomes of strain ZGT108
T and ZGT118 T were submitted to GenBank and compared with available 16S rRNA gene sequences of closely related validly described species retrieved from the NCBI BLASTN. Multiple sequence alignments of the sequences were carried out using CLUSTALX version 1.81 [34] , and phylogenetic trees were reconstructed with the maximum-likelihood method using MEGA version 6.0 [35] . Strains ZGT108 T and ZGT118
T clustered within the Ruegeria clade in the family Rhodobacteraceae (Fig. 1 In order to characterize the isoprenoid quinones, cellular fatty acids and polar lipids of strains ZGT108 T and ZGT118
T and the reference strains, cells were grown in MB (at 33 or 37 C for strain ZGT108 T and ZGT118 T , respectively), and harvested during late exponential growth phase. Isoprenoid quinones were extracted with chloroform/methanol (2 : 1) (v/v) from lyophilized cells (300 mg) and purified using high performance liquid chromatography [36] . Analysis of the fatty acid composition was carried out using the Microbial Identification system (MIDI; Microbial ID) according to a published method [37] . Polar lipids were extracted from 200 mg of freeze-dried cell material using a 0.3 % chloroform-methanol (w/v) aqueous NaCl mixture with the ratio of 1 : 2 : 0.8 (v/v/v), modified after Bligh and Dyer [38] , recovered into the chloroform phase by adjusting the mixture to a ratio of 1 : 1 : 0.9 (v/v/v), and separated by twodimensional silica gel thin-layer chromatography (silica gel GF254, 0.25 mm thickness, Haiyang Chemical Co.). The first dimension was developed in a chloroform-methanol-water (65 : 25 : 4, v/v/v) mixture and the second was developed in a chloroform-methanol-acetic acid-water (80 : 12 : 15 : 4, v/v/ v/v) mixture. Total lipid materials were detected using molybdatophosphoric acid and specific functional groups were detected using spray reagents [39] . Polar lipid analysis was performed by the identification service of the China Centre of Medical Culture Collection in Beijing, China. Colonies on MA were observed to be cream for ZGT108
T and beige for ZGT118 T , with diameters of around 2.0 and 3.5 mm after 72 h of incubation at 33 or 37 C for strains ZGT108
T and ZGT118 T , respectively. The cells of both strains were Gram-stain-negative, non-motile, aerobic, nonspore-forming, rod-shaped and 0.5-1.0 µm wide and 1.0-5.0 µm long (Fig. S3 ). For strains ZGT108
T and ZGT118 T , growth occurred at 15-42 or 20-50 C with optima at 33-35 and 37-40 C. The two strains grew in the presence of 0.5-1.9 or 0.5-2.6 M NaCl (optima 1.0-1.5 and 1.5-2.0 M NaCl) and at pH 5.5-9.0 and 6.0-8.5 (optimum pH 7.5-8.0 and 7.0-7.5), respectively. T and most other members of the family Rhodobacteraceae [44] . The fatty acid profile of strain ZGT108
T comprised summed feature 8 (consisting of C 18 : 1 !7c and/or C 18 : 1 !6c, 50.7 %), 11-methyl C 18 : 1 !7c (9.4 %), C 18 : 1 2OH (1.4 %), C 10 : 0 3OH (1.0 %), C 12 : 0 3OH (6.4 %), C 16 : 0 2OH (11.9 %), C 18 : 0 (1.3 %), C 16 : 0 (4.7 %), C 12 : 0 (1.8 %) and C 10 : 0 (3.3 %), while the fatty acid profile of strain ZGT118
T comprised summed feature 8 (consisting of C 18 : 1 !7c and/or C 18 : 1 !6c, 52.6 %), 11-methyl C 18 : 1 !7c (10.9 %), C 18 : 1 2OH (0.9 %), C 10 : 0 3OH (0.6 %), C 12 : 0 3OH (3.5 %), C 16 : 0 2OH (6.7 %), C 19 : 0 cyclo !8c (5.6 %), C 18 : 0 (1.8 %), C 16 : 0 (6.4 %) and C 10 : 0 (4.1 %), which was distinct from those of R. conchae JCM 17315 T and R. intermedia LMG 25539
T and other species of the genus Ruegeria. The detailed fatty acid patterns are presented in Table 2 . Strain ZGT108 T contained the following major polar lipids: diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylcholine, one unidentified lipid and one unidentified lipid. The polar lipid patterns of strain ZGT118 T and strain ZGT108
T were similar; however, for strain ZGT118 T , one additional unidentified aminolipid and one additional unidentified lipid were detected (Fig. S4 ).
The cells of strain ZGT108
T were susceptible to ampicillin, chloramphenicol, erythromycin, kanamycin, penicillin G, streptomycin, tetracycline, vancomycin and polymyxin B, Growth at:
Growth in NaCl at: Hydrolysis of:
Utilization of organic substrates (Biolog GEN III):
Assimilation of (API 20NE): but were resistant to gentamicin. The cells of strain ZGT118
T were susceptible to ampicillin, chloramphenicol, erythromycin, kanamycin, penicillin G, streptomycin, tetracycline and polymyxin B, but were resistant to vancomycin and gentamicin.
In view of the collective genomic, phenotypic, physiological and chemotaxonomic characteristics, as well as their phylogenetic positions, strain ZGT108 T and ZGT118 T , appear to represent two novel species belonging to the genus Ruegeria, for which we propose the names Ruegeria profundi and Ruegeria marisrubri.
DESCRIPTION OF RUEGERIA PROFUNDI SP. NOV.
Ruegeria profundi (pro.fun¢di. L. gen. n. profundi from the depths of the sea).
Cells are moderately halophilic, strictly aerobic, Gramstain-negative, non-motile, rod-shaped and 0.5-1.0Â1.0-3.0 µm in size, with few cells longer than 5.0 µm. Colonies on MA are circular to slightly irregular, flat, smooth, creamcoloured and 2.0-3.0 mm in diameter after incubation for 3 days at 33 C. Growth occurs at 15-42 C (optimum 33- Valinearylamidase *Data from [7] . † Data from [14] . ‡ Data from [17] . § Data from [13] .
||Data from [2] .
All other data was obtained in this study. Cells are Gram-stain-negative, non-motile, aerobic, moderately halophilic, non-spore-forming and rod-shaped, with a size of 0.6-1.2Â2.0-5.0 µm. Growth is visible after 24 h of incubation on MAA at 37 C. Colonies are beige and circular with a spreading edge with a diameter of around 3.0 mm, after incubation for 3 days at 37 C. Growth does not occur on tryptic soy agar. Growth occurs at 20-50 C (optimum 37-40 C), with 0.5-2.6 M NaCl (optimum 1.5-2.0) and at pH 6.0-8.5 (optimum pH 7.0-7.5). Cells are catalase-positive and oxidase-positive. Its predominant isoprenoid quinone is ubiquinone-10 (Q-10). Casein and gelatin can be utilized, but Tween 80 and acetate cannot. Nitrate is reduced. Cells react positive for activities of a-glucosidase, valinearylamidase, alkaline phosphatase, esterase lipase (C8), a-mannosidase and a-fucosidase, weakly positive for esterase (C4), b-galactosidase, trypsin and leucinearylamidase, but negative for acid phosphatase, naphthol-AS-BI-phosphohydrolase, lipase (C14), cysteine arylamidase, a-chymotrypsin, a-galactosidase, b-glucuronidase and N-acetyl-b-glucosaminidase. Indole is not produced from L-tryptophan, and cells test negative for urease. The following carbon sources are 
